Development of kainic acid and N-methyl-D-aspartic acid toxicity in organotypic hippocampal cultures.
The excitotoxic effects of N-methyl-D-aspartic acid (NMDA) and kainic acid (KA) were studied in organotypic hippocampal slices maintained in vitro for various periods of time. Cultures aged to equivalent Postnatal Day (EPD) 10-12, 15-17, and 23-26 were exposed to 50 microM KA or 50 microM NMDA and were analyzed at 0, 3, 6, 9, 12, 24, 48 h, or 5 days after the initiation of the excitotoxin exposure. Neuronal injury was determined by: (1) propidium iodide (PI) uptake; (2) lactate dehydrogenase (LDH) release; (3) morphological damage in hematoxylin and eosin (H/E) stained sections; (4) loss of Nissl stain. Changes in PI uptake and LDH release after KA or NMDA treatment indicated that there was a developmental shift towards increasing sensitivity to KA toxicity during in vitro development, whereas cultures of all ages were equally sensitive to NMDA toxicity. The profile of damage in H/E-stained sections after treatment with KA or NMDA indicated a transient phase of damaged morphology at 12 and 24 h that was not evident after 5 days. To determine whether the disappearance of morphological manifestations of neuronal damage 5 days after treatment was due to recovery of morphology or to neuronal death, neuronal loss in Nissl-stained sections was also quantified. KA treatment did not cause significant neuronal loss in any hippocampal region in EPD 10-12 cultures, indicating that the neurons were able to successfully recover from the damage demonstrated in H/E sections at 12 and 24 h in these cultures. KA treatment in mature cultures (EPD 23-26) and NMDA treatment in all cultures produced a marked loss of identifiable Nissl-stained neurons at 5 days, indicating neuronal death and disintegration. The results provide further support for the similarities between the organotypic hippocampal culture model and in vivo excitotoxic models and also confirm that excitotoxic neuronal injury can be reversible under some conditions.